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(54) Method for forming an isolation trench in a SOI substrate 



(57) In a semiconductor layer (203) formed on a first 
insulating film (204) is formed an element isolation 
groove extending to the first insulating film. Thereafter, 



a second insulating film (209) is deposited in the ele- 
ment isolation groove by using a vapor deposition meth- 
od. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a method for 
manufacturing a semiconductor device in which trench 
isolation is provided in an SOI (Silicon On Insulator or 
Semiconductor On Insulator) substrate for element iso- 
lation. 

[0002] A semiconductor device that has an SOI sub- 
strate formed from an insulating film and a semiconduc- 
tor layer thereon and has an element such as transistor 
or resistance formed at the SOI substrate is known to 
be advantageous in that it is capable of implementing 
an increased operation speed or increased voltage re- 
sistance due to reduced parasitic capacitance, and ca- 
pable of implementing increased reliability due to pre- 
vention of latch-up, and the like. 
[0003] FIG. 14 shows a cross-sectional structure of a 
conventional semiconductor device, specifically, a sem- 
iconductor device having a MOS (Metal Oxide Semicon- 
ductor) transistor formed on the SOI substrate. 
[0004] As shown in FIG. 14, a semiconductor sub- 
strate 1 is an SOI substrate in which a substrate base 
portion 2 and a substrate surface portion 3 are electri- 
cally isolated from each other by a first insulating film 4. 
The substrate base portion 2 and the substrate surface 
portion 3 are both formed from single crystal semicon- 
ductor silicon. The substrate surface portion 3 is cov- 
ered with a silicon oxide film 5 in the region other than 
an element formation region. An element isolation 
groove (hereinafter, referred to as "trench") 6 is formed 
through the silicon oxide film 5 and the substrate surface 
portion 3 at the location corresponding to an element 
isolation region. 

[0005] A second insulating film 7 of silicon oxide is 
formed at the wall surface of the trench 6. The trench 6 
having the second insulating film 7 formed at its wall sur- 
face is filled with an embedded layer 8 of polycrystalline 
silicon. The surface of the embedded layer 8 is covered 
with a third insulating film 9 of silicon oxide. A trench 
element isolation structure 10 is thus formed from the 
second insulting film 7 f the embedded layer 8 and the 
third insulating film 9. 

[0006] A gate electrode 12 is formed on the region of 
the substrate surface portion 3 surrounded by the trench 
element isolation structure 10, i.e., on the element for- 
mation region, with a gate insulating film 11 interposed 
therebetween. A pair of impurity diffusion layers 1 3 serv- 
ing as source and drain regions are formed on both 
sides of the gate electrode 12 in the substrate surface 
portion 3. A MOS transistor 14 is formed from the gate 
electrode 12, the impurity diffusion layers 13 and the 
like. Note that, in the conventional semiconductor de- 
vice, another element such as bipolar element or resis- 
tive element may be formed in the element formation 
region, instead of or in addition to the MOS transistor 14. 
[0007] FIGs. 15A and 15B are cross-sectional views 



illustrating the steps of forming the trench element iso- 
lation structure in the conventional semiconductor de- 
vice of FIG. 14. 

[0008] First, as shown in FIG. 15A, the silicon oxide 
5 film 5 and the substrate surface portion 3 are etched us- 
ing a mask pattern 15, thereby forming the trench 6 ex- 
tending to the first insulating film 4. For example, this 
etching is conducted by a reactive ion etching method 
using a gas such as hydrogen bromide. The mask pat- 
10 tern 1 5 is formed from a resist film patterned by a normal 
photolithography technique or from a silicon nitride film 
or a silicon oxide film. 

[0009] As shown in FIG. 15B, the substrate surface 
portion 3 is then thermally oxidized at the wall surface 
15 of the trench 6, thereby forming a second insulating film 
7 of silicon oxide. Thereafter, the resist film or the silicon 
nitride film or silicon oxide film used as the mask pattern 
15 for etching is removed. 

[0010] In the aforementioned conventional method for 

20 manufacturing a semiconductor device, however, oxy- 
gen atoms are introduced into the interface between the 
first insulating film 4 and the substrate surface portion 3 
as well as the interface between the substrate surface 
portion 3 and the silicon oxide film 5 during thermal ox- 

25 idation for forming the second insulating film 7. As a re- 
sult, a silicon oxide film is grown along each interface 
(see regions RA and RB in FIG. 15B). Oxidation of the 
single crystal semiconductor silicon of the substrate sur- 
face portion 3 causes volume expansion. Therefore, 

30 compressive stresses are generated in the portion of the 
substrate surface portion 3 surrounded by the trench 6, 
i.e., in the semiconductor layer of the element formation 
region, thereby producing crystal defects in the semi- 
conductor layer. This problem becomes more remarka- 

35 ble when attempting dimensional reduction of the ele- 
ment, reduction in thickness of the single crystal silicon 
film serving as the substrate surface portion 3. 
[0011] In order to solve the aforementioned problem, 
Japanese Patent Gazette No. 2589209B discloses a 

40 method for relieving the stresses causing generation of 
crystal defects. More specifically, after a trench is 
formed, a polycrystalline semiconductor film is deposit- 
ed in the trench in a reduced-pressure vapor phase so 
as to round a trench corner. A thermal oxide film is 

45 formed thereafter. Thus, the stresses are relieved par- 
ticularly in the lower corner (which conesponds to the 
region RA of FIG. 15B). 

[0012] According to the method of the aforemen- 
tioned Japanese Patent Gazette No. 2589209B, how- 

50 ever, the curvature of each comer depends on the coat- 
ing profile of the polycrystalline semiconductor film. 
Therefore, the degree of stress relief in the thermal ox- 
idation step after deposition of the polycrystalline sem- 
iconductor film varies depending on the coating profile. 

55 This means that the aforementioned crystal defects may 
possibly be generated. Accordingly, the crystal defects 
are more likely to be generated depending on the de- 
gree of process variation, and this may become a critical 
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cause of the reduced yield of the element. 
SUMMARY OF THE INVENTION 

[0013] In view of the foregoing problems, it is an object 5 
of the present invention to completely preventing crystal 
defects from being generated in a semiconductor layer 
of an element formation region due to the stresses ap- 
plied to, e.g., a trench comer upon forming a trench el- 
ement isolation structure in an SOI substrate. 10 
[0014] In order to achieve the aforementioned object, 
a method for manufacturing a semiconductor device ac- 
cording to the present invention includes the steps of: 
forming, in a semiconductor layer formed on a first in- 
sulating film, an element isolation groove extending to 15 
the first insulating film; and depositing a second insulat- 
ing film in the element isolation groove by using a vapor 
deposition method. 

[001 5] According to the manufacturing method of the 
present invention, the element isolation groove extend- 20 
ing to the first insulating film is formed in the semicon- 
ductor layer on the first insulating film, and the second 
insulating film is deposited in the element isolation 
groove by using a vapor deposition method. This ena- 
bles the trench element isolation structure to be formed 25 
in the SOI substrate without forming a thermal oxide film 
at the wall surface of the element isolation groove. In 
other words, the thermal oxidation step is no longer re- 
quired that causes an oxide film to be grown along the 
interface between the first insulating film and the semi- 30 
conductor layer. As a result, crystal defects can be com- 
pletely prevented from being generated in the semicon- 
ductor layer of the element isolation region due to the 
stresses applied to the trench corner or the like. 
[001 6] In the manufacturing method of the present in- 35 
vention, the step of depositing the second insulating film 
is preferably conducted so as to partially fill the element 
isolation groove, and the method preferably further in- 
cludes, after the step of depositing the second insulating 
film, the step of forming an embedded layer so as to *0 
completely fill the element isolation groove. 
[0017] In this case, forming the embedded layer from 
the same material as that of the semiconductor layer 
would eliminate the difference of a physical constant 
such as thermal expansion coefficient between the em- 45 
bedded layer and the semiconductor layer. Therefore, 
in various thermal processing steps in the semiconduc- 
tor manufacturing process as well, stress generation 
can be suppressed as compared to the case where the 
element isolation groove is filled only with an insulating 50 
film, thereby enabling improvement in reliability of the 
element. 

[0018] The manufacturing method of the present in- 
vention may further include, after the step of forming the 
embedded layer, the step of forming a third insulating 55 
film on the embedded layer. In this case, degradation in 
reliability of the element does not occur even when the 
embedded layer is electrically conductive. 



[0019] Preferably, the manufacturing method of the 
present invention further includes, between the step of 
forming the element isolation groove and the step of de- 
positing the second insulating film, the step of forming 
an oxide film by oxidizing the semiconductor layer at a 
wall surface of the element isolation groove, and the 
step of depositing the second insulating film preferably 
includes the step of depositing the second insulating film 
so as to cover the oxide film. 

[0020] Thus, the trench element isolation structure 
can be implemented by the laminated structure of the 
oxide film formed at the wall surface of the element iso- 
lation groove by oxidation (specifically, thermal oxida- 
tion) and the second insulating film formed on the oxide 
film by a vapor deposition method. This enables signif- 
icant reduction in thickness of the oxide film formed at 
the wall surface of the element isolation groove. As a 
result, in the thermal oxidation step of forming the oxide 
film, the thickness of the oxide film can be set so as to 
prevent crystal defects from being generated due to the 
stresses intensively applied to the trench corner or the 
like. 

[0021] Preferably, the oxide film has a thickness of 50 
nm or less. 

[0022] This ensures that crystal defects are prevented 
from being generated in the thermal oxidation step of 
forming the oxide film. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0023] 

FIG. 1 is a cross-sectional view illustrating a step of 
a method for manufacturing a semiconductor de- 
vice according to a first embodiment of the present 
invention; 

FIG. 2 is a cross sectional view illustrating a step of 
the method for manufacturing a semiconductor de- 
vice according to the first embodiment of the 
present invention; 

FIG. 3 is a cross-sectional view illustrating a step of 
the method for manufacturing a semiconductor de- 
vice according to the first embodiment of the 
present invention; 

FIG. 4 is a cross-sectional view illustrating a step of 
the method for manufacturing a semiconductor de- 
vice according to the first embodiment of the 
present invention; 

FIG. 5 is a cross-sectional view illustrating a step of 
the method for manufacturing a semiconductor de- 
vice according to the first embodiment of the 
present invention; 

FIG. 6 is a cross-sectional view illustrating a step of 
a method for manufacturing a semiconductor de- 
vice according to a second embodiment of the 
present invention; 

FIG. 7 is a cross-sectional view illustrating a step of 
the method for manufacturing a semiconductor de- 
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vice according to the second embodiment of the 
present invention; 

FIG. 8 is a cross-sectional view illustrating a step of 
the method for manufacturing a semiconductor de- 
vice according to the second embodiment of the 
present invention; 

FIG. 9 is a cross-sectional view illustrating a step of 
the method for manufacturing a semiconductor de- 
vice according to the second embodiment of the 
present invention; 

FIG. 10 is a cross-sectional view illustrating a step 
of the method for manufacturing a semiconductor 
device according to the second embodiment of the 
present invention; 

FIG. 11 is a cross-sectional view illustrating a step 
of the method for manufacturing a semiconductor 
device according to the second embodiment of the 
present invention; 

FIG. 12 is a cross-sectional view illustrating a step 
of the method for manufacturing a semiconductor 
device according to the second embodiment of the 
present invention; 

FIG. 13 is a cross-sectional view illustrating a step 
of the method for manufacturing a semiconductor 
device according to the second embodiment of the 
present invention; 

FIG. 14 is a cross-sectional view of a conventional 
semiconductor device; and 

FIGs. 15A and 15B are cross-sectional views illus- 
trating the steps of a conventional method for man- 
ufacturing a semiconductor device. 

DETAILED DESCRIPTION OF THE INVENTION 

(First Embodiment) 

[0024] Hereinafter, a method for manufacturing a 
semiconductor device according to the first embodiment 
of the present invention will be described with reference 
to the figures. 

[0025] FIGs. 1 to 5 are cross-sectional views illustrat- 
ing the steps of the method for manufacturing a semi- 
conductor device according to the first embodiment. 
[0026] First, as shown in FIG. 1 , a semiconductor sub- 
strate 101 having an SOI structure is prepared. In the 
semiconductor substrate 101, a substrate base portion 
102 and a substrate surface portion 103 are laminated 
each other with a first insulating film 104 of silicon oxide 
interposed therebetween. The substrate base portion 
102 and the substrate surface portion 103 are both 
formed from single crystal semiconductor silicon. There- 
after, photoresist is applied to the whole surface of the 
substrate surface portion 1 03 of the semiconductor sub- 
strate 101 so as to form a resist film. By using a photo- 
lithography technique, the resist film thus formed is pat- 
terned into a resist pattern 105 having an opening on a 
prescribed region that will result in an element isolation 
region in a later step. The substrate surface portion 103 



is then dry-etched using the resist pattern 105 as an 
etching mask, whereby an element isolation groove 106 
extending to the first insulating film 104 of the semicon- 
ductor substrate 101 is formed through the substrate 

5 surface portion 1 03. Note that, in the step of dry-etching 
the substrate surface portion 1 03, the first insulating film 
104 can be used as an etching stopper. 
[0027] Thereafter, the resist pattern 105 is removed. 
As shown in FIG. 2, by using a vapor deposition method, 

10 a second insulating film 107 of silicon oxide is then de- 
posited on the whole surface of the substrate surface 
portion 103 including the inside of the element isolation 
groove 106 so as to partially fill the element isolation 
groove 106. Thereafter, an embedded layer 108 of poly- 

15 crystalline silicon is formed on the second insulating film 

107 so as to completely fill the element isolation groove 
106. 

[0028] Then, the embedded layer 108 is etched back 
by anisotropic dry etching such as RIE (Reactive Ion 
20 Etching). Thus, as shown in FIG. 3, the embedded layer 

108 located outside the element isolation groove 106 is 
removed, so that the embedded layer 108 remains only 
within the element isolation groove 106. Subsequently, 
the upper portion of the remaining embedded layer 108 

25 js thermally oxidized in the furnace step, forming a third 
insulating film 109 of silicon oxide at the surface of the 
embedded layer 108. Note that, in the step of etching 
back the embedded layer 108, the second insulating film 
107 can be used as an etching stopper. 

30 [0029] Thereafter, photoresist is applied to the whole 
surface of the semiconductor substrate 101 so as to 
form a resist film (not shown). The resist film thus formed 
is patterned into a resist pattern (not shown) having an 
opening on an element formation region. The second 

35 insulating film 1 07 is then subjected to, e.g., wet etching 
using the resist pattern as an etching mask. Thus, the 
second insulating film 107 located on the element for- 
mation region is removed, as shown in FIG. 4. The resist 
pattern is then removed, thereby completing formation 

40 of a trench element isolation structure 110 including the 
second insulating film 1 07, the embedded layer 1 08 and 
the third insulating film 109. 

[0030] Thereafter, a desired element is formed in the 
element formation region having the second insulating 

45 film 107 removed, that is, in the region of the substrate 
surface portion 103 surrounded by the trench element 
isolation structure 110. More specifically, in the first em- 
bodiment, a gate electrode 112 having a desired shape 
is formed on the substrate surface portion 103 of the 

50 semiconductor substrate 1 01 with a gate oxide film 111 
interposed therebetween, as shown in FIG. 5. Thereaf- 
ter, ions are implanted into the substrate surface portion 
103 by using the second and third insulating films 107, 

109 of the trench element isolation structure 110 and 
55 the gate electrode 1 12 as a mask. Thus, a pair of impu- 
rity diffusion layers 113 having a desired conductivity 
type are formed as source and drain regions on both 
sides of the gate electrode 112 in the substrate surface 
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portion 103. As a result, a MOS. transistor 114 is formed 
from the gate electrode 112, the impurity diffusion layers 
113 and the like. 

[0031] As has been described above, according to the 
first embodiment, the element isolation groove 106 ex- 
tending to the first insulating film 104 is formed in the 
substrate surface portion 103 (i.e., single crystal silicon 
layer) on the first insulating film 104. The second insu- 
lating film 107 is then deposited in the element isolation 
groove 106 by using a vapor deposition method. There- 
fore, the trench element isolation structure 110 can be 
formed in the semiconductor substrate 101 , i.e., the SOI 
substrate, without forming a thermal oxide film at the 
wall surface of the element isolation groove 1 06. In other 
words, the thermal oxidation step is no longer required 
which causes an oxide film to be grown along the inter- 
face of the first insulating film 104 and the substrate sur- 
face portion 103. As a result, crystal defects can be com- 
pletely prevented from being generated in the single 
crystal silicon layer of the element formation region due 
to the stresses applied to, e.g., the lower corner of the 
element isolation groove 106. Accordingly, reliability of 
the element is significantly improved, resulting in signif- 
icantly improved yield of the semiconductor device. 
[0032] Moreover, according to the first embodiment, 
the second insulating film 107 is deposited so as to par- 
tially fill the element isolation groove 106, and the em- 
bedded layer 1 08 is formed on the second insulating film 
107 so as to completely fill the element isolation groove 
106. The embedded layer 108 is formed from the same 
material (silicon) as that of the substrate surface portion 
103. Therefore, stress generation due to the factors 
such as the difference of the thermal expansion coeffi- 
cient between the embedded layer 108 and the sub- 
strate surface portion 103 can be suppressed, thereby 
enabling improvement in reliability of the element. Fur- 
thermore, the third insulating film 109 is formed at the 
surface of the embedded layer 108. Therefore, degra- 
dation in reliability of the element does not occur even 
when the embedded layer 1 08 is electrically conductive. 
[0033] Note that, in the first embodiment, the element 
isolation groove 106 is formed using the resist pattern 
1 05 as an etching mask. However, the element isolation 
groove 106 may alternatively be formed using, e.g., a 
silicon oxide film, a silicon nitride film (see the second 
embodiment described below), or a laminated film of sil- 
icon oxide film and silicon nitride film as an etching 
mask. 

[0034] Moreover, in the first embodiment, it is prefer- 
able to conduct the furnace step of annealing the second 
insulting film 107 (the annealing may be conducted ei- 
ther in the nitrogen atmosphere or oxygen atmosphere) 
after the second insulating film 107 is formed within the 
element isolation groove 1 06. This can make the second 
insulating film 107 dense, thereby improving the electric 
insulation property of the second insulating film 107. 
[0035] Moreover, in the first embodiment, it is prefer- 
able to use a chemical vapor deposition method as a 



method for depositing the second insulating film 107. 
This enables a uniform coating structure of the second 
insulating film 107 to be provided inside the element iso- 
lation groove 106. 
5 [0036] Moreover, in the first embodiment, the embed- 
ded layer 108 is etched back so as to remain only within 
the element isolation groove 106. Thereafter, the fur- 
nace step of thermally oxidizing the upper portion of the 
remaining embedded layer 108 is conducted. The sec- 
10 ond insulating film 1 07 located on the element formation 
region is then removed using the resist pattern as an 
etching mask. However, the first embodiment may alter- 
natively be implemented as follows: the embedded layer 
108 is etched back so as to remain only within the ele- 
15 ment isolation groove 106. The second insulating film 
107 located on the element formation region is then re- 
moved using the resist pattern as an etching mask. 
Thereafter, the resist pattern is removed, and the fur- 
nace step of thermally oxidizing the upper portion of the 
20 remaining embedded layer 108 is then conducted. 
[0037] Although polycrystalline silicon is used as a 
material of the embedded layer 108 in the first embodi- 
ment, another material such as amorphous silicon may 
alternatively be used. It should be noted that the embed- 
25 ded layer 108 is preferably formed from the same ma- 
terial as that of the substrate surface portion 103. This 
eliminates the difference of a physical constant such as 
thermal expansion coefficient between the embedded 
layer 108 and the substrate surface portion 103. There- 
to fore, in various thermal processing steps in the semi- 
conductor manufacturing process as well, stress gener- 
ation can be suppressed as compared to the case where 
the element isolation groove 106 is filled only with an 
insulating film, thereby enabling improvement in reliabil- 
35 ity of the element. Furthermore, end-point detection in 
the step of etching back the embedded layer 108 is also 
facilitated. 

[0038] Moreover, in the first embodiment, the MOS 
transistor 1 14 is formed in the element formation region. 
*o However, it should be understood that the present in- 
vention is not limited to this and another element such 
as bipolar element or resistive element may alternatively 
be formed therein. 

4 5 (Second Embodiment) 

[0039] Hereinafter, a method for manufacturing a 
semiconductor device according to the second embod- 
iment of the present invention will be described with ref- 

50 erence the figures. 

[0040] FIGs. 6 to 13 are cross-sectional views illus- 
trating the steps of the method for manufacturing a sem- 
iconductor device according to the second embodiment. 
[0041] First, as shown in FIG. 6, a semiconductor sub- 

55 strate 201 having an SOI structure is prepared. In the 
semiconductor substrate 201, a substrate base portion 
202 and a substrate surface portion 203 are laminated 
each other with a first insulating film 204 of silicon oxide 
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interposed therebetween. The substrate base portion 

202 and the substrate surface portion 203 are both 
formed from single crystal semiconductor silicon. 
[0042] Note that, in the second embodiment, a silicon 
oxide film 205 is formed in the region other than an el- 
ement formation region in the substrate surface portion 

203 by a LOCOS (Local Oxidation of Silicon) method. 
In other words, in the second embodiment, the LOCOS 
element isolation method and the trench element isola- 
tion method are combined, so that an appropriate ele- 
ment isolation method can be used according to the type 
of the element to be formed. For example, when a BiC- 
MOS (Bipolar-CMOS (Complementary Metal Oxide 
Semiconductor)) integrated circuit is to be formed, the 
trench element isolation method is used for isolation of 
the bipolar element, whereas the LOCOS element iso- 
lation method is used for isolation of the MOS transistor. 
[0043] Subsequently, as shown in FIG. 6, a silicon ni- 
tride film 206 is formed on the whole surface of the sem- 
iconductor substrate 201 by using a vapor deposition 
method. Photoresist is then applied to the whole surface 
of the semiconductor substrate 201 so as to form a resist 
film (not shown). By using a photolithography technique, 
the resist film thus formed is patterned into a resist pat- 
tern (not shown) having an opening on a prescribed re- 
gion that will result in an element isolation region in a 
later step. The silicon nitride film 206 and the silicon ox- 
ide film 205 are then sequentially dry-etched for pattern- 
ing using the resist pattern as an etching mask. The re- 
sist pattern is then removed. Thereafter, the substrate 
surface portion 203 is dry-etched using the patterned 
silicon nitride film 206 as an etching mask, whereby an 
element isolation groove 207 extending to the first insu- 
lating film 204 of the semiconductor substrate 201 is 
formed through the substrate surface portion 203. Note 
that, in the step of dry-etching the substrate surface por- 
tion 203, the first insulating film 204 can be used as an 
etching stopper. 

[0044] As shown in FIG. 7, by using the furnace step, 
the substrate surface portion 203 is then thermally oxi- 
dized at the wall surface of the element isolation groove 
207, thereby forming an oxide film 208, i.e., a silicon ox- 
ide film. The oxide film 208 functions as an electrically 
insulating film. In the second embodiment, this furnace 
step is conducted so that the oxide film 208 has a thick- 
ness of about 2 nm to about 50 nm. By using a vapor 
deposition method, a second insulating film 209 of sili- 
con oxide is then deposited on the whole surface of the 
semiconductor substrate 201 including the inside of the 
element isolation groove 207 so as to cover the oxide 
film 208 and partially fill the element isolation groove 
207. Thereafter, an embedded layer 210 of polycrystal- 
line silicon is formed on the second insulating film 209 
so as to completely fill the element isolation groove 207. 
[0045] As shown in FIG. 8, the embedded layer 210 
is then etched back by anisotropic dry etching such as 
RIE. Thus, the embedded layer 210 located outside the 
element isolation groove 207 is removed, so that the 



embedded layer 210 remains only within the element 
isolation groove 207. Note that, in the step of etching 
back the embedded layer 21 0, the second insulating film 
209 can be used as an etching stopper. 

5 [0046] Thereafter, as shown in FIG. 9, the second in- 
sulating film 209 contacting with the silicon nitride film 
206 is removed by, e.g., wet etching. Subsequently, the 
silicon nitride film 206 is removed by, e.g., wet etching. 
[0047] As shown in FIG. 10, a third insulating film 21 1 

10 is then deposited on the whole surface of the semicon- 
ductor substrate 201 by using a vapor deposition meth- 
od. Photoresist is then applied to the whole surface of 
the third insulating film 211 so as to form a resist film 
(not shown). The resist film thus formed is patterned into 

15 a resist pattern (not shown) having an opening on the 
element formation region. The third insulating film 211 
is then subjected to, e.g., wet etching using the resist 
pattern as an etching mask. Thus, the third insulating 
film 211 located on the element formation region is re- 

20 moved, as shown in FIG. 11. The resist pattern is then 
removed, thereby completing formation of a trench ele- 
ment isolation structure 212 including the oxide film 208, 
the second insulating film 209, the embedded layer 210 
and the third insulating film 211. 

25 [0048] Thereafter, a desired element is formed in the 
element formation region having the third insulating film 

211 removed, that is, in the region of the substrate sur- 
face portion 203 surrounded by the trench element iso- 
lation structure 212. More specifically, in the second em- 

30 bodiment, a gate electrode 214 having a desired shape 
is formed on the substrate surface portion 203 of the 
semiconductor substrate 201 with a gate oxide film 213 
interposed therebetween, as shown in FIG. 12. There- 
after, ions are implanted into the substrate surface por- 

35 tion 203 by using the silicon oxide film 205, the third in- 
sulating film 21 1 of the trench element isolation structure 

212 and the gate electrode 214 as a mask. Thus, a pair 
of impurity diffusion layers 21 5 having a desired conduc- 
tivity type are formed as source and drain regions on 

40 both sides of the gate electrode 214 in the substrate sur- 
face portion 203. As a result, a MOS transistor 216 is 
formed from the gate electrode 214, the impurity diffu- 
sion layers 215 and the like. 

[0049] As has been described above, according to the 
45 second embodiment, the trench element isolation struc- 
ture 212 can be implemented by the laminated structure 
of the oxide film 208 formed at the wall surface of the 
element isolation groove 207 by thermal oxidation and 
the second insulating film 209 formed on the oxide film 
so 208 by a vapor deposition method. This enables signif- 
icant reduction in thickness of the oxide film 208 formed 
at the wall surface of the element isolation groove 207. 
As a result, in the thermal oxidation step of forming the 
oxide film 208, the thickness of the oxide film 208 can 
55 be set so as to prevent crystal defects from being gen- 
erated in the substrate surface portion 203 (i.e., single 
crystal silicon layer) of the element formation region due 
to the stresses intensively applied to, e.g., the lower cor- 
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ner of the element isolation groove 207. Accordingly, re- 
liability of the element is significantly improved, resulting 
in significantly improved yield of the semiconductor de- 
vice. 

[0050] Moreover, according to the second embodi- 
ment, the second insulating film 209 is deposited so as 
to partially fill the element isolation groove 207, and the 
embedded layer 210 is formed on the second insulating 
film 209 so as to completely fill the element isolation 
groove 207. The embedded layer 210 is formed from 
the same material (silicon) as that of the substrate sur- 
face portion 203. Therefore, stress generation due to the 
factors such as the difference of the thermal expansion 
coefficient between the embedded layer 210 and the 
substrate surface portion 203 can be suppressed, there- 
by enabling improvement in reliability of the element. 
Furthermore, the third insulating film 211 is formed on 
the embedded layer 210. Therefore, degradation in re- 
liability of the element does not occur even when the 
embedded layer 210 is electrically conductive. 
[0051] Note that, in the second embodiment, the ox- 
ide film 208 preferably has a thickness of 50 nm or less. 
This ensures that crystal defects are prevented from be- 
ing generated in the thermal oxidation step of forming 
the oxide film 208. 

[0052] Moreover, in the second embodiment, the ele- 
ment isolation groove 207 is formed using the silicon ni- 
tride film 206 as an etching mask. However, the element 
isolation groove 207 may alternatively be formed using, 
e.g., a silicon oxide film or a laminated film of silicon ox- 
ide film and silicon nitride film as an etching mask. Al- 
ternatively, like the first embodiment, the element isola- 
tion groove 207 may be formed using a resist pattern as 
an etching mask. 

[0053] Moreover, in the second embodiment, it is pref- 
erable to conduct the furnace step of annealing the sec- 
ond insulting film 209 (the annealing may be conducted 
either in the nitrogen atmosphere or oxygen atmos- 
phere) after the second insulating film 209 is formed 
within the element isolation groove 207. This can make 
the second insulating film 209 dense, thereby improving 
the electric insulation property of the second insulating 
film 209. 

[0054] Moreover, in the second embodiment, it is pref- 
erable to use a chemical vapor deposition method as a 
method for depositing the second insulating film 209. 
This enables a uniform coating structure of the second 
insulating film 209 to be provided inside the element iso- 
lation groove 207. 

[0055] Moreover, in the second embodiment, the sec- 
ond insulating film 209 is formed on the semiconductor 
substrate 201 including the inside of the element isola- 
tion groove 207, and the embedded layer 210 is then 
formed on the second insulating film 209 so as to com- 
pletely fill the element isolation groove 207. The embed- 
ded layer 210 is then etched back so as to remain only 
within the element isolation groove 207. Thereafter, the 
second insulating film 209 contacting with the silicon ni- 



tride film 206, and the silicon nitride film 206 are sequen- 
tially removed. However, the second embodiment may 
alternatively be implemented as follows: the silicon ni- 
tride film 206 is removed after formation of the element 
5 isolation groove 207. Thereafter, the second insulating 
film 209 is formed on the semiconductor substrate 201 
including the inside of the element isolation groove 207, 
and the embedded layer 210 is then formed on the sec- 
ond insulating film 209 so as to completely fill the ele- 
10 ment isolation groove 207. The embedded layer 210 is 
then etched back so as to remain only within the element 
isolation groove 207. Thereafter, the second insulating 
film 209 located outside the element isolation groove 
207 is removed. The second insulating film 209 located 
outside the element isolation groove 207 may be re- 
moved by wet etching or dry etching immediately after 
the embedded layer 210 is etched back. Alternatively, 
after the embedded layer 210 is etched back, the third 
insulating film 211 may be formed on the semiconductor 
substrate 201 so that the second insulating film 209 lo- 
cated on the element formation region is removed si- 
multaneously with the third insulating film 211 located 
on the element formation region. 
[0056] Moreover, in the second embodiment, there 
may be the case where a pair of element isolation 
grooves 207 are located adjacent to each other in the 
region other than the element formation region (i.e., in 
the region of the substrate surface portion 203 covered 
with the silicon oxide film 205), as shown in FIG. 13. In 
such a case, in the step of removing the third insulating 
film 211 located on the element formation region, the 
third insulating film 211 may be patterned so as to con- 
tinuously cover the pair of element isolation grooves 
207. 

[0057] Although polycrystalline silicon is used as a 
material of the embedded layer 210 in the second em- 
bodiment, another material such as amorphous silicon 
may alternatively be used. It should be noted that the 
embedded layer 210 is preferably formed from the same 
material as that of the substrate surface portion 203. 
This eliminates the difference of a physical constant 
such as thermal expansion coefficient between the em- 
bedded layer 210 and the substrate surface portion 203. 
Therefore, in various thermal processing steps in the 
semiconductor manufacturing process as well, stress 
generation can be suppressed as compared to the case 
where the element isolation groove 207 is filled only with 
an insulating film, thereby enabling improvement in re- 
liability of the element. Furthermore, end-point detection 
in the step of etching back the embedded layer 210 is 
also facilitated. 

[0058] Moreover, in the second embodiment, the 
MOS transistor 216 is formed in the element formation 
region. However, it should be understood that the 
present invention is not limited to this and another ele- 
ment such as bipolar element or resistive element may 
alternatively be formed therein. 
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Claims 



A method for manufacturing a semiconductor de- 
vice, comprising the steps of: 

5 

forming, in a semiconductor layer formed on a 
first insulating film, an element isolation groove 
extending to the first insulating film; and 
depositing a second insulating film in the ele- 
ment isolation groove by using a vapor deposi- 10 
tion method. 

The method according to claim 1, wherein the step 
of depositing the second insulating film is conduct- 
ed so as to partially fill the element isolation groove, 15 
the method further comprising, after the step of de- 
positing the second insulating film, the step of form- 
ing an embedded layer so as to completely fill the 
element isolation groove. 



The method according to claim 2, further compris- 
ing, after the step of forming the embedded layer, 
the step of forming a third insulating film on the em- 
bedded layer. 



The method according to claim 4, wherein the oxide 
film has a thickness of 50 nm or less. 



20 



25 



4. The method according to claim 1 , further compris- 
ing, between the step of forming the element isola- 
tion groove and the step of depositing the second 
insulating film, the step of forming an oxide film by 
oxidizing the semiconductor layer at a wall surface 30 
of the element isolation groove, wherein the step of 
depositing the second insulating film includes the 
step of depositing the second insulating film so as 
to cover the oxide film. 
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